Background-Ischemic mitral regurgitation (IMR) is associated with asymmetric changes in annular and ventricular geometry. Surgical repair with standard symmetric annuloplasty rings results in a high incidence of residual or recurrent mitral regurgitation (MR). The Carpentier-McCarthy-Adams (CMA) IMR ETlogix annuloplasty ring is the first remodeling ring specifically designed to treat asymmetric leaflet tethering and annular dilatation. We used quantitative 2-dimensional echo to examine early results of mitral valve (MV) repair with the CMA IMR ETlogix annuloplasty ring in patients with IMR. Methods and Results-Fifty-nine patients (aged 68Ϯ12 years) with grade Ն2ϩ IMR (graded on a scale of 0 to 4ϩ) underwent MV repair with the CMA IMR ETlogix annuloplasty ring. We assessed the mitral annular diameter (MAD), tethering area (TA), and tenting height (TH) of the MV in 4-chamber, 2-chamber, and long axis views at mid-systole before and 3 to 10 days after surgery. After surgery, 57 of 59 (97%) patients had grade 0 or 1ϩ MR, whereas 2 patients had 2ϩ MR. MV repair with the CMA IMR ETlogix ring significantly reduced MAD, TA, and TH (PϽ0.001, for all 3 echo views), particularly in the long axis and 4-chamber views. 
I
schemic mitral regurgitation (IMR) occurs in up to 19% of patients after myocardial infarction (MI) 1, 2 and is an independent predictor of mortality. 3 Although some evidence suggests that surgical mitral annuloplasty has a beneficial effect on prognosis in patients with IMR, surgical repair with standard, symmetric, flat annuloplasty rings may leave up to 30% of patients with residual or recurrent mitral regurgitation (MR). 4 -6 The important impact of IMR on survival should challenge surgeons to make every effort to minimize residual MR after mitral annuloplasty. Therefore, new surgical strategies are necessary to improve the treatment for IMR.
IMR has a complex pathophysiology that includes alterations in the geometry and function of the left ventricle (LV), subvalvular apparatus, and mitral annulus. [7] [8] [9] [10] [11] [12] The most common mechanism of IMR is restricted leaflet motion, particularly the posterior leaflet during systole (Carpenteir's type IIIb dysfunction 13 ). Recently, it was demonstrated that, in IMR, the pattern of mitral valve (MV) deformation from the postero-medial to the antero-lateral commissura was asymmetrical; MV tethering at the medial aspect also plays a crucial role in the genesis of IMR. 12 Based on these observations, a new remodeling annuloplasty CarpentierMcCarthy-Adams IMR ETlogix ring (CMA IMR ETlogix ring; Edwards Lifescience, Irvine, Calif) was recently developed ( Figure 1 ). This new prosthetic ring specifically addresses the asymmetric deformation characteristic of type IIIb ischemic MR. 13 Compared with conventional symmetric annuloplasty rings, this new design leads to increased leaflet coaptation through substantial and tailored reduction of the antero-posterior dimension in patients with IMR. The asymmetric 3-dimensional (3D) design with reduced middle to medial (P2-P3) curvature and a slight dip at the P2-P3 segments increases coaptation of the tethered P2-P3 segments.
In this study, we used quantitative 2-dimensional (2D) echocardiography to assess early operative results of MV repair with the CMA IMA ETlogix ring and to determine its impact on MV geometry in patients with IMR.
Methods

Study Population
We enrolled 59 consecutive patients (age 68Ϯ12 years) who underwent MV repair with the CMA ETlogix ring for the treatment of IMR All patients had coronary angiography preoperatively and echocardiographic studies before valve repair and 3 to 10 days after surgery (Table 1) .
Echocardiographic Measurements
A team from the Cleveland Clinic Foundation (MD, SF with/without TS) traveled to each institution to review all digitalized original echo data for the purpose of consistency of echocardiographic measurements. Preoperative echocardiographic measurements were performed using images recorded 1 to 30 days before surgery (mean, 14Ϯ11 days), from transthoracic echocardiography in 49 patients and from transesophageal echocardiography in 10 patients. Transthoracic echocardiography imaging recorded 3 to 10 days after surgery (mean, 5.0Ϯ2.2 days) was used for all postoperative measurements. These 2D echocardiographic images were used to assess MV geometry and function, as well as LV dimensions, function, and left atrial dimension. LV end-diastolic volume (EDV) and end-systolic volume (ESV) were measured by the biplane Simpson disk method. Ejection fraction was calculated by the equation 100ϫ(EDVϪESV)/EDV. The characteristics (origin, number, and direction) of MR jets were estimated by color flow Doppler images on a parasternal long and short-axis view at the MV level and on multiple apical views. The severity of MR was graded semiquantitatively from 0 to 4ϩ by color Doppler studies of the spatial distribution of the regurgitant jet 14 and the size of the flow convergence/proximal isovelocity surface area from multiple imaging planes. 14, 15 For evaluating geometry of the mitral apparatus, we measured the mitral annular diameter (MAD), tethering area (TA) of the MV (defined as the area enclosed by the annular plane and 2 leaflets), and tenting height (TH) of the MV (defined as the minimal distance between the leaflet coaptation and the mitral annular plane), in 4-chamber (4ch), 2-chamber (2ch), and long-axis (LAX) views at the time of maximal MV closure in systole ( Figure 2) . The transmitral velocity, measured by continuous-wave Doppler technique, was used to calculate the trans-mitral mean pressure gradient after mitral valve repair.
Surgical Procedure
Each patient underwent remodeling annuloplasty with the CMA IMR ETlogix ring. 16 Intraoperative transesophageal echocardiography was used to assess LV and MV function during surgical procedure 
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Results
LV and LA chamber and MR Severity
MR grading at baseline and after surgery are shown in Figure  3 . At baseline, 13 (22.0%) patients had 2ϩ MR, 22 (37.3%) patients had 3ϩ MR, and 24 (40.7%) patients had 4ϩ MR. The mean MR grade and regurgitant orifice area by proximal isovelocity surface area method were 3.2Ϯ0.8 and 0.39Ϯ0.25 cm 2 , respectively. Intraoperative post-repair echocardiography revealed that all patients had MR that was 1ϩ or less. Before hospital discharge, 57 patients (97%) had 0 or 1ϩ MR, whereas 2 patients had 2ϩ MR. Thus, the mean MR grade was decreased from 3.2Ϯ0.8 to 0.3Ϯ0.6 after surgery. Both patients with 2ϩ residual MR had infero-posterior LV wall motion abnormalities and 3ϩ or 4ϩ MR preoperatively, which was characterized by a single or 2 separate MR jets from the medial and lateral sides. Preoperative 2D echocardiography revealed LV wall motion abnormalities in the antero-septal area in 25 of 59 (42.4%) patients, the inferoposterior area in 41 of 59 (69.5%) patients, and the lateral area in 5 of 59 patients (8.5%). LV end-systolic and end-diastolic volume indices and left atrial size were significantly reduced after surgery (PϽ0.001, for all), whereas LV ejection fraction was unchanged (Figure 4) . The transmitral mean pressure gradient after surgery was 3.7Ϯ1.6 mm Hg. Aortic root replacement 1 (1.7)
Transmyocardial laser revascularization 1 (1.7)
CABG indicates coronary artery bypass grafting; PFO, patent foramen ovale.
Figure 3.
Change in the degree of ischemic mitral regurgitation. After surgery, 57 patients (97%) had 0 or 1ϩ MR, whereas 2 patients had 2ϩ MR.
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Mitral Valvular Geometry
Changes in mitral valve geometry assessed by echo at baseline and after surgery are shown in Figure 5 . At baseline, measured MAD was similar in 4ch, 2ch, and LAX views (3.0Ϯ0.3, 3.1Ϯ0.3, and 3.0Ϯ0.4 cm), indicating circular deformation of the mitral annulus. In contrast, TA and TH of the MV were significantly larger in the LAX view than in 4ch and 2ch views. Ten patients had TH Ͼ11 mm, which has been suggested as a predictor of residual MR in patients with ischemic or idiopathic cardiomyopathy who have mitral valve annuloplasty. 17 Mitral valve repair with the CMA IMR ETlogix ring significantly reduced MAD, TA, and TH (PϽ0.001 for all, Figure 5 ). The reductions in MAD were greater in the LAX and 4ch views than in the 2ch (PϽ0.001 for both of LAX versus 2ch, and 4ch versus 2ch), reflecting the asymmetric annuloplasty. The reductions in TA and TH were greatest in the LAX views than 4ch and 2ch (TA; PϽ0.05 for LAX versus 4ch, and PϽ0.001 for LAX versus 2ch, respectively, TH; PϽ0.001 for both of LAX versus 4ch and LAX versus 2ch). Among 10 patients with TH Ͼ11 mm, 17 1 patient had residual 2ϩ MR after annuloplasty.
Early Morbidity and Mortality
There was one hospital death caused by septic shock after surgery. Complications are presented in Table 3 .
Discussion
This study, using quantitative 2D echocardiography, demonstrated that surgical mitral valve repair with the novel, etiology-specific CMA IMR ETlogix ring provided excellent early results with effective annular remodeling leading to a significant reduction in the antero-posterior dimension. These results were achieved by creating asymmetric changes in mitral annular diameter that effectively reduce leaflet tenting and increase leaflet coaptation. IMR is a growing clinical problem. There is a body of evidence on the negative impact of IMR on medium-term survival in patients with coronary artery disease; the greater the degree of MR, the worse the prognosis, even in patients with mild to moderate MR. 3 Recent reports document that 7 800 000 Americans experience MI annually; 18 up to 19% of these patients can be expected to develop MR. 1, 2 Recent studies have suggested that coronary artery bypass graft alone does not completely correct IMR. 19 Therefore, it has been suggested that patients with even mild to moderate IMR should undergo concomitant mitral valve repair at the time of myocardial revascularization. 6, 16 MV repair is now accepted to be superior to replacement in most patients, 4, 20 and undersized ring annuloplasty is commonly used to treat IMR. 21, 22 Nonetheless, MV repair with undersized flexible posterior bands or rings and even symmetric remodeling rings leaves between 10% and 30% of patients with residual or Comparison of MAD, and TA and TH of MV between baseline and after surgery in 4ch, 2ch, and LAX views. The significant reductions of MAD, TA, and TH were observed in all 3 echo views (*PϽ0.001 for all). The reductions in MAD after surgery were greater in the LAX and 4ch views than in the 2ch one (PϽ0.001 for both of LAX vs 2ch, and 4ch vs 2ch, respectively). The reductions in TA and TH after surgery were greatest in the LAX as compared with 4ch and 2ch (TA; PϽ0.05 for LAX vs 4ch, and PϽ0.001 for LAX vs 2ch, respectively, TH; PϽ0.001 for both of LAX vs 4ch and LAX vs 2ch, respectively). *PϽ0.001 vs baseline. recurrent IMR. 4 -6 This highlights the need to develop surgical strategies that target the anatomic and pathophysiological changes that contribute to the pathogenesis of IMR. [7] [8] [9] [10] [11] [12] The initial insult in IMR is LV remodeling after myocardial ischemia or MI, which subsequently leads to posteriormedial and apical displacement of the posterior papillary muscle. 10, 11 Associated regional annular and subvalvular distortion leads ultimately to poor leaflet coaptation. Recent clinical studies have provided precise quantitative and morphological descriptions of IMR. Kwan et al 12 reported that the pattern of MV deformation from the postero-medial to the antero-lateral commissura is asymmetrical in IMR, whereas it is symmetrical in dilated cardiomyopathy. These differences in MV geometry emphasize the fact that in patients with IMR, the P2 and P3 segments are often asymmetrically restricted and associated with asymmetrical annular dilatation. Thus, treating IMR with an undersized symmetrical ring may not be the optimal approach to MV repair in IMR. 6 With this improved pathophysiological understanding of IMR, a novel remodeling annuloplasty, the CMA IMR ETlogix ring was developed. This new prosthetic ring incorporates the principles of undersizing and specifically addresses the asymmetric deformation observed in type IIIb ischemic MR. Compared with a conventional symmetric annuloplasty, this new design leads to increased leaflet coaptation by a 3D asymmetric reduction in the anteroposterior dimension (Figure 1 right, D2 and D3 dimension) and a dip at P2-P3 segments (Figure 1 left) . The new ring downsizes the medial (D3) dimension 2 sizes and the middle (D2) dimension by 1 size when compared with standard annuloplasty rings; thus, by design, this is an undersized annuloplasty. This integral feature makes it possible to select a CMA IMR ETlogix ring based on the anterior leaflet surface area measured with a standard sizer, while achieving precise remodeling with optimal coaptation in the P2-P3 region. Furthermore, this remodeling ring contains a rigid titanium core, providing complete fixation of the septallateral dimension during the entire cardiac cycle, which is optimal in patients with IMR. 20 These designs provided high early success rates (9/10, 90%) even in "high-risk patients" with TH Ͼ11 mm. 17 Long-term follow-up is required to assess the durability of this result.
Study Limitations
The present study used a retrospective analysis of routine clinical echocardiographic data. Geometric changes in the mitral valve apparatus were evaluated using routine 2D echocardiography. More precise assessment by 3D echocardiography was not performed. However, we were able to quantify changes in annular geometry and leaflet coaptation in multiple 2D planes. A low incidence of residual MR after surgery and effective reductions of MAD and MV tethering were observed, indicating that the design of the CMA IMA ETlogix ring was suitable for annuloplasty in patients with IMR. Further investigations including 3D echocardiographic examination is needed to amplify understanding of geometric changes in the mitral apparatus with this technique.
We estimated MR severity semi-quantitatively by color Doppler techniques for comparison and did not quantify the severity of IMR after surgery. However, it was relatively easy to detect significant reductions in the color jet or flow convergence to confirm the efficacy of annuloplasty. In addition, significant residual MR was not observed; therefore, quantitative methods were not necessary to assess residual MR after surgery.
Finally, this study was conducted to examine early geometric changes and operative results after annuloplasty with the CMA IMR ETlogix ring in a small number of patients. Further investigation is needed to confirm long-term effectiveness of this procedure in larger populations.
Conclusion
The present study showed that surgical repair of IMR with the novel asymmetric CMA IMR ETlogix ring provides excellent early results with geometric changes that include reductions in MAD and leaflet tethering. This novel, etiology-specific strategy may result in improved outcomes in IMR patients, including a lower incidence of residual or recurrent MR.
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